
Introduction

Although almost a century has passed since Erdheim’s descrip−
tion of the case of an acromegalic patient with a pituitary adeno−
ma and three enlarged parathyroid glands, the term multiple en−
docrine neoplasia (MEN) was introduced only relatively recently,
in 1968 [1] (Wermer had suggested the term multiple endocrine
adenoma in 1954). After many years on the fringes of endocrinol−
ogy, the field of MEN ± like so much else in medicine ± experi−
enced a sort of a revolution in the late 1980s made possible by
two advances: The first was theoretical ± the introduction of the
concept of “positional cloning”, the idea that one can identify
genes for human disease without knowing anything, or only

knowing very little, about their function, but by knowing their
position in the genome. The second was technical ± the method
of polymerase chain reaction (PCR), which made DNA, the gen−
ome in essence, available to biomedical researchers and, more
importantly, clinicians. Cancer medicine and genetics were the
fields that benefited most from the first applications of the new
genomic concepts and technologies in endocrinology. Almost
two decades later, after the first successful applications of posi−
tional identification of the MEN2 locus on chromosome 10q, me−
nin (the product of the MEN1 gene), PTEN, PRKAR1A (which was
also a known gene on 17q, having been identified as the main
regulator of protein kinase A signaling), and a number of other
genes and pathways in developmental diseases affecting the pi−
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Abstract

Medicine is an ever changing art, continuously adjusting to the
shifting principles of philosophy and constant discoveries of sci−
ence; it was beautifully said by Hippocrates: “¼ medicine does
not do the same thing at this moment and the next¼” Unabated
dissemination of information is the only way that patients are
assured that physicians will continue to practice medicine that
reflects contemporary science. In the field of Multiple Endocrine
Neoplasias (MENs), this is at least in part accomplished by bien−
nially held International Workshops. The articles led by this edi−
torial are the second and last installment of a collection of state−
of−the−art presentations given in the course of the ninth such

workshop that was held in Bethesda, MD, June 19±22, 2004. In
addition to serving as an introduction to the articles that were
written by some of the leaders in the field, the text of the edito−
rial review that follows also supports the notion that MENs are
poised to lead translational research in endocrinology: these dis−
orders have benefited remarkably from the discoveries of the hu−
man genome project and are at a unique position to take advan−
tage of new modalities in basic and clinical science
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tuitary, thyroid, parathyroid, adrenal and gonadal glands, and the
pancreatic islets, MENs are at the forefront of the post−genomic
medicine

During these last 20 years, the MEN conditions were not only
clinically defined but also molecularly elucidated by a relatively
small group of investigators world−wide. These clinical research−
ers and molecular biologists who have dedicated their careers in
elucidating the pathophysiology of MENs and in discovering pos−
sible treatments for endocrine neoplasms have been meeting ev−
ery two to three years for the last 18 years under the auspices of
the “International Workshops for MENs”. The ninth such meet−
ing was held in Bethesda, Maryland, USA (MEN2004) on June
20± 22, 2004), and was supported mainly by a number of insti−
tutes among the National Institutes of Health but also by organi−
zations such as the Endocrine Society and others. The articles
that follow constitute the second compendium of the proceed−
ings from the MEN2004 meeting. The first such collection was
recently published in the Journal of Internal Medicine [2 ± 9].
While the latter articles reported updates on mainly clinical is−
sues related to the MEN syndromes, the present series focuses
on genetics and molecular pathways that are involved in tumor−
igenesis in the tissues affected by the MENs. Not only do these
reviews present some of the most recent accomplishments in
the understanding of the pathophysiology of MENs, they also
demonstrate the influence of this field of medicine on contem−
porary translational research.

MENs: What is New?

We mentioned that the MEN field is already in the era of post−
genomic medicine. Does that mean that all the genes that could
be identified have been found? The answer is clearly “No”. Tradi−
tional positional cloning may have left out several genes with a
putative role in endocrine tumorigenesis that could not be iden−
tified due to the small number of families affected, non−Mendel−
ian genetics in their inheritance patterns, or even sporadic occur−
rence. The first paper in our series by Daly et al. [10] identifies
several kindreds with familial pituitary adenomas that do not
harbor coding sequence mutations of the known pituitary tu−
mor−related MEN genes (GNAS, MEN1 and PRKAR1A). Although
the known genes’ participation in the pathogenesis of tumors in
these families can not be excluded, the evidence is in support of
additional genes that serve as primary, germline hits in pituitary
oncogenesis. Families with MEN 1 that map to 11q13 [11] or Car−
ney complex (CNC) that map to 17q22 or elsewhere [12] and kin−
dreds with pituitary tumors [13,14] that do not have MEN1 or
PRKAR1A coding sequence mutations have been reported [15].
Investigators have also pointed to the existence of isolated famil−
ial acromegaly [13 ±15], which is likely to be genetically hetero−
geneous [16]. Advances in genetic mapping techniques such as
the use of single−nucleotide polymorphism (SNP)−based arrays
and related new software are expected to assist greatly in the
identification of these new gene(s) or novel mutations in existing
genes [11], which may or may not be part of known molecular
pathways [15].

What are these pathways? The second article in our series refers
to the involvement of the fibroblast growth factor (FGF) signaling

in pituitary tumorigenesis [17]. Ezzat and his co−workers have
previously identified pituitary tumor−derived fibroblast growth
factor receptor 4 (ptd−FGFR4), an alternatively transcribed N−
terminally truncated cytoplasmic receptor isoform. Unlike wild−
type FGFR4, ptd−FGFR4 facilitates cell transformation and results
in pituitary tumor formation in transgenic mice [18]. They have
also shown the importance of this pathway in a number of other
tumors, some of them endocrine [19,20]. The review in this issue
[17] underscores what is true for almost all other endocrine tu−
mor genes or pathways discovered in the MEN field: a molecular
network that is so critical for cellular homeostasis may become
tumorigenic due to genetic defects, mild perturbations of the sig−
naling balance, or both. This is an important point because it may
provide the explanation for why the MEN genes so frequently
play a role in the etiopathogensis of sporadic tumors of the re−
spective endocrine glands ± although we can not yet extrapolate
back to whether molecules such as the FGFs or their receptors
will be found to have germline mutations in other forms of MENs.

What regulates these pathways? Transcriptional control over pi−
tuitary−expressed genes is mediated by a variety of factors; re−
sponsiveness to these molecules may be affected by the state of
the target gene’s sequence. Epigenetic changes in the pituitary
transcriptome are slowly but steadily being recognized. W. E.
Farrell elegantly reviews the status of the investigations in this
field [21]. His group has published extensively on methylation−
mediated changes of the expression of genes, such as GADD45−
gamma, retinoblastoma, and p16, which have not been found as
mutated in human pituitary tumors. These genes, however, are
known to play an important role in both pituitary development
and oncogenesis from animal model and other studies [22± 24].

The papers by Hendy et al. [25] and Agarwal et al. [26] present
yet another signaling pathway obviously important for endo−
crine tumorigenesis, that of the menin tumor suppressor. It has
now been eight years since the identification of MEN1, the gene
that is responsible for almost all cases of MEN1 [26], with few
notable exceptions [11]. Interestingly, however, compiled germ−
line and somatic mutations show almost no genotype/phenotype
correlation. The MEN1 gene codes for a 67 kDa protein that is
widely present mainly in the nucleus of expressing cells. The re−
views by Hendy et al., and Agarwal et al. present MEN1’s compel−
ling story: a molecule for which nothing was known prior to its
positional cloning, which now is at the center of a complicated
interactive network that includes junD, NF−kB, PEM, COMPASS,
SMAD3, RPA2, FANCD2, NM23beta, non−muscle myosin heavy
chain II−A, GFAP, and/or vimentin. In addition, animal models, in−
cluding menin−overexpressing fruit flies, reveal the many facets
of this gene’s function [27, 28].

The last three articles in our current series present advances in
areas related to the classic MEN syndromes. Wang et al. present
an up−to−date review on the HRPT2 gene [29]. HRPT2 is mutated
in the germline of patients with the hyperparathyroidism−jaw
tumor syndrome and in the somatic state in a large number of
parathyroid carcinomas [30, 31]. Like the MEN1 gene, there was
no information on HRPT2’s molecular interactions prior to this
gene’s cloning; microarray studies have recently revealed a mul−
titude of pathways that this gene may interact with in promoting
parathyroid tumorigenesis [32].
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Bertherat et al. discuss the advances in two distinct areas of en−
docrine neoplasias that constitute part of a number of inherited
conditions [33]. PRKAR1A, the gene for CNC, is found mutated in
a fifth of all sporadic adrenocortical adenomas [34], and one or
the other succinate dehydrogenase (SDH) subunit (SDHB, SDHC,
and SDHD), along with the other MEN genes, RET and VHL, are
found to be mutated in almost a third of all pheochromocytomas
and paragangliomas [35]. Some phenotype−genotype correlation
has been found [36], but a lot remains to be done in that field, in−
cluding cloning the genes responsible for other forms of heredi−
tary paragangliomas [37]. The latter syndromes such as the Car−
ney triad or the dyad of gastric stromal tumors and paraganglio−
mas [37] are in the differential of the case reported in our last ar−
ticle of this special issue [38]. The co−occurrence of non−adrenal
pheochromocytoma and an adrenocortical adenoma has been
reported before in some patients with the Carney triad.

Summary

It was recently said that “progress in dissecting signaling path−
ways has begun to lay out a circuitry that will likely mimic elec−
tronic integrated circuits in complexity and finesse, where tran−
sistors are replaced by proteins (e. g. kinases and phosphatases)
and the electrons by phosphates and lipids” [39]. Translational
Medicine today identifies these complex interactions, making it
no surprise that less than 30 000 (rather than 100 000 genes) are
enough to produce a human phenotype; it is not the number of
genes that is important, but rather the number and quality of
synapses between them, as well as their post−translational
changes. In post−genomic medicine, the field of MENs has given
endocrinology a place at the frontiers of biomedical research. En−
docrine concepts and the reemergence of signaling as the main
way of understanding the complex interactions of genes that
lead to endocrine tumors are essential for the current approach
to cancer research and directing the development of new drugs
that are tailored to genomic−translational information [40]. This
is already happening in the MEN field with the development of
inhibitors of RET tyrosine kinase activity that are in clinical trials
on the footsteps of Gleevec and related “molecularly designed”
drugs [41].
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